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In tliis paper ^ve study cJje performance of Fixed; Diversity 
(FD) A RQ system in which nor error -correction .coding is 
usedV and only second order ; transmitter -diversity is used. 
In-the-system-;two spatially separated" antennas are used to 
transmit! tli'e same information signal 'irt "Vstaggercf fashion. 
I n an? F B> sy st em wi t h t wo transm i 1 1 in g an t en n a<a. due to 
the staggered nature of transmssion/ the informat ion' rate of 
the FD system is 1/2. and we compare this system with the 
block-coded hybrid ARQ system of rate 1/2 used in [1], [2]. 
[3J, (4]. Due to the lower information rate of the transmitter 
diversity system, we do not wish to diversify at all times, 
but only when diversity is required. Thus we propose an 
Adaptive ARQ/ Diversity (AD) system, in which the trans- 
mitter adapt ively switches between the single antenna and 
dual antenna mode using the implicit channel state infor- 
mation contained in the number of consecutive ACKs and 
NACKs. Using analytical techniques we show that the per- 
formance of the adaptive diversity system equals the per- 
formance of adaptive ARQ/FEC techniques that have been 
used in (5). [C]. [7] which uses the uncoded and a rate half 
Maximum Distance Separable Code (MDSJ. 



1 Introduction 

In this paper, we propose to have- several antennas at the 
transmitter end. Some restrictions on the spacing of the 
transmitting antennas must be heeded as documented in 
[8]. We assume that the antennas are spaced far enough 
apart so that each path seen from the transmitter to the 
receiver can be considered to be independent of each other. 
The requirements of the antenna spacing for 'decent' decor- 
relation of the antenna paths are available in [8], 

The systems throughput is analyzed using a equivalent 
Markov characterization of the Rayleigh channel following 
the justifications of [1], [2], [9]. This Markov characteri- 
zation of the Rayleigh channel has been utilized in by a 
genera] M-state maxkov Model in [2]. and a specific 2 state 
model [10]. Here we use a 16 state model for the Rayleigh 
channel. 

In this paper we incorporate the concept of transmitter 
antenna diversity in which the same inforation symbol is 
transmitted to the receiver during two consecutive symbol 
intervals in a staggered fashion from two spatially separated 
antennas. During the first symbol interval the information 
symbol is transmitted from one antenna, and in the next in- 



terval the same information is transmitted from the second 
"antenna. This staggered transmission Teads to the decrease 
in/t'he information rarte while achieving diversity gain. We 
propose the incorporation of such a transmitter diversity 
system with the basic non-adaptive ARQ protocols of [3]. 
We call this system the Fixed Diversity (FD) ARQ system. 

We also propose an adaptive ARQ/Diversity (AD) sys- 
tem. Due to the penalty in the information rate that ac- 
companies transmitter diversity, we would like to minimize 
the amount of time the transmitter needs to use the di- 
versity system. In this system the transmitter uses either 
a single antenna transmission state or the dual f diversity 
transmission state. We propose that the diversity system 
be used when the number of consecutive NACKs received 
by the transmitter surpasses a suitable threshold while the 
transmitter is in the single antenna stare. After receiving a 
given number of consecutive ACKs while in the transmitter- 
diversity state the transmitter will revert to the single an- 
tenna state. This system has been entitled the AD system 
in this paper. 

In Section 2 we describe the FD and AD systems. In 
Section 3. we analyse the FD and the AD systems, in 
section 4 : we compare the performance of the AD and FD 
system with the performance of a hybrid BCH (255. 1 23) 19- 
bit error correcting coded system which has been studied 
in (1). In Section 4. we also compare the AD system with 
the adaptive ARQ/FEC system which uses the BCH code 
state and the uncoded state as discussed in [3]. Also in that 
section we show that the performance of the AD system is 
similar to the performance of a adaptive ARQ/FEC system 
which uses an MDS code of rate 1/2 as the coded state. 
Finally in Section 5. we present our c onclusions. 



2 Description of Systems 

The first system we discuss is called the Fixed Diversity 
(FD) system. This system uses basic non-adaptive ARQ 
protocols. In addition the transmitter uses a trahsrnitter- 
diversity system without any error correction coding. The 
transmissions from each antenna is staggerd over two sym- 
bol intervals so that the receiver can separate the transmis- 
sions from each antenna at the receiver and obtain* r diversity 
gain. In this paper we limit the degree of the diversity to 
two. Due to the staggered transmission the information 
content of the packet is halved. Thus the FD system can 
transmit only half the information that cam be transmitted 
when a single antenna is used, assuming no error correc- 
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4W r ,o =d«-o«le ,.,e rransrni^,, fr„ ni eacll antcn „ a , )0th m . 
v„ cl-dual y. and jo^.v after Wi.ua! ratio combining. We 

'-<• r U ' 0n, " ,r <,wi 'M»'l^«« is coherent, and „„- 

fro. estimates of the channel 8 a„.s ,,.n l.e n.ade for .of), 
an e„„a paths. There is so.ne diversity gain that can !„• 
.thieved at. ( he,os, of the lass in the information =f ate. 

J C J.?.., s ;" ! ; ,e " > si,1,ilar '<> the adaptive .ARQ/FEC 
protocols of 13]. However. i„ the AD sv S , el „. the trans- 
• 4 " ,T St f"; * »da,„ivoly. se) ecte<l from the .single ante™* 
state and the transmitter diversity state, bui there is "no 
, :: V^9r.C0TTcrun & .code used. Thls S v«em is called theUdap- 
., nye. ARQ/Dnersity UZ» system. I„ this scheme the two 
transnntter states are -denoted as state -V and state 3 - 
and .s shown in Fignre 1. While in state T the transmit . 
usesonK one. antenna to transmit information When fl - 
consecutive NACKs are received, the NACK counter be- 

- v m *. -T n!t ' ' ?Cd 81 eV " y rece:ved ACK the transmitter 

• '-71^ a " d 3 - ' and ^~its information 
. , usmg the. rwoantennas in a staggered fashion over two sym- 
bol imer v a ls. p,e staggered -transmission leeds to the dou- 
bling of the ...formation bit interval, halving the through- 
put Once m the diversity state., the receiver counts the 

• * ^ved.-\Vheri the numbers consecutive I 
-tSS'ZT? ^'t ^G"^; threshold, the transmitter ' 

. ^ ,^tche*,back : to.^e. S ,ngte.-antenhalr^ ■ ' 

• 3 Analysis. - : . ' 

' .:' 1 . n ', ,hiss *f. tlon ' "^analyse the Fixed Diversity (FD) and the 

' Before ^ l ^ly S ^^h e ; systems, we: would like to restate 
the equations that describe the throughput of a basic ARQ , 

• the RaVv'^H ^ ' 3] - The Markw Parameters for 
the Rayle.gh fading channel, wadset u'p«ii, [1]. [2] |9l The 

.same.para,„e, Prs aroused in this paper. As a recapit'uiatfon 
he steady Man- , !aj . allictt . rs for „,„ 1C ■ 
the states l>o,n A .,,,,„,. its {Sl}l - in ord „ « i»cr£™i 

probah.h.v ...a.nx ,s she,, ,„■ A FV)r „„, ^ 

OB.> protocol where the mm.d-trip delay is d frames long 

«e need - V rf-step transition probability ,„atrix denoted 

- T P r*,cx>- JH««atrix..G is defined- such that G, , = 



When the frames are. encoded rising a rate ;■ FEC we 
found that the throughput can he represent v< \ aS: 



lte e is P 5 'rfr °J fai,Ur , C ° f 3 fr ^8iven the channel 
stare is S, and ? denotes failure. Here, l k are the ouanti 
zat^ori levels found in (l]. \Ve also use q 

^whichjs a column vector whose Kh element denotes the 

aTste 5' d^- r Int eVem ° fth ^ initS" ng 

S ai Stale - 5 - and faiture resulting given that state/' ' 



■Tr = — 
A', 



(2) 



where. > 



A", .=r 



r 7- 



^ J 11 ^' U X ' IG^row-vertor. and J is a 

(10 x 1G) dimensmnal. identity. matrix. In flj. it ha< been 

■ sJiown that, the eigen- values of the C matrix are all le.. than 
unity, and consequently, the above series converges In fl) 
it was stated thatjf r is Jess thair 1 then the system is called 

/ a hybrid ARQ system. If , the, rate ,s 1. then it is a ba^ic 

■ uncoded ARQ system. " 

3.1 Fixed Diversity (FD) 

When the same information is transmitted to the receiver 
from two transmitting antennas in. a.stag R erd fashion the 
receiver-can decode the transmission from each antenna and 
test the received .vector w|th the,CRC code. If the individ- 
ual transmissions fail the CRQ check, then the tran^mi.- 
sions can be combined colierent-lv.aiid then t lie CRC check- 
ing can be performed once more. This wav we can reduc e 
the probability of failure of the frame transmission. In 
tins section we only use a dual diversity svstern. Due to the 
staggerd transmission of the two transmitting antenna., the 
information rate is halved and w,> need to take it into con- 
5 s ; d u era t nou ' ] n evaluating the throughput. The packet fails 
if both transmissions from each antenna fail the CRC and 
Uxe^maiimal-raVio aivcTsity cumbined„frame also vielcN a 
CRC error. For the frame io !,e sm cessfullv decoded am 
T <J ^r!^ trans,ilissit ' 11 ^ or thr combine! si RIM : J.as |: , 
the CRC check. The >vsren, uses i«-„ anteui.as | ;i h.-.^.l 
and -3 . and it is a.vumed that the .•haimcls seen |. v , h, 
antennas are independent of one anwthr-i 

The conditional pml^b.Iny „f H r. ninr , Kiv|1 „ fhilI ih( , 
channel state for antenna ^ a.id imrenna 3 are 5 and S" 
respectively is given to be (assuming -ideal coherent BPSk 
modulation and perfect maximal ratio combining)- 



(3) 



\\ hich states that the frame, now containing oulv r ( /2 bits 
fails to pass the CRC check individually and after diversity 
combining. For ; multichannel deter tiori. we use the result 
or [ilj to evaluate the bit error probability of the combined 
signal which sim : ply states that,the SNRs of the two chan- 
nels add when tlie .estimates of the individual channels are 
, perfect. * 
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The probability of the. frame being accepted af.-the re-' 
■■ceiviT is then given to lip- * > N 



| average,nuij]jK*r of hits-transmit ted for each correct I v 

. received bit using the F/XsystenVis given bv. following the 
*, Sani 5 P? 0cp clune a„ wa> us.ed, to. derive (2 l wind, was devel- 
oped in J I J ; . , . . , . .. - , . 



We define the G^ matrix. -'where the subscript* .de->.- 
note the antenna numbers, such that (C?,T'V,) ' r rep l - • 

resents the joint probability of the channel ctf rfnlenuV^ 
transitioning from state S,,, to S„ in rf st^ps- thediaiV,- 1 
of antenna '3 transitioning from state S,, >to S/' in ^ steU : 
and the frames r rocPivecl over the channels >%emg< br erW>r 

; oV" d ' V -r ,ia, i' a,ld af,er divWit >* ^iiibmh^The'marrB^ 
is r o6 x 2dG. reflecting. t{ie joint states of antennas T and 1 

*\' er * is represented as a 1<5 state Markov ^ 

model; Each elemeiit o? G~^ is given as: ft- " ' > v ' • 

Thus the rows and columns. of.G,^, we represented bvthe" 
-tuples denoted by (i, ,j, ) and. The indices i t and 

• ' v= represents the d-ste,, transition ofthe channel of antenna .-, 
,2 frornstate S,, to state 5,,, a,„d jyand j, represents' the 
**«P of the chan;»eVQf antenna - 3 ' from state 

■ • iiv fio state Sj, . ' 

.Now Ave de-fine'tb^matrix^'J.,,; such that : 

.; . = ?>■•! '7^. ^.(^,31^7* s*«i,«(«f 3 ' =5,,). ( ) 

" '^. 1,er r f " dei ?- otes # st «K tfansitibiL probabilitv^rnatrix- : 
of each channel. , ... i, : ' 

" ^" ^''"ilar'mknne; the j25&.xJ. column vector 1% 3,' is 
! denned such that: • : ; , •■.>.'";?/„■-. 

...... ..; , . ,s ' . • , •» ' " 

and is, given by: ,. - ?>i - .■. .'j-n -■■ : / "" :Ji 

, Th ' S ^ pre ? ents % j»i«t proabHiry of the two channels ini-. . 

over the channels >being 'in error both individually and af- 
ter_d 1 vers,t,v cpmbbung.; ,The matrix B'_ 3I analogous to 
G (3J| burjealing with the probabilities of successful frame 
j transmission is Refined such that-' 

' 

(//,2 - 3 ')...> 1 ,-. J . = ^...7}^, ' 

; x i 1 - ^(^.3i ? f -,' •=. 5i, =. Sj, )) . 

-.The veotof ,£^-.y;v : anafegous./p .f, ? ; 9 ^is B iven as: 



(11) 



(0) 



(io)' 



,'. '' ;vr .a [i* rfr tf .., : [:/- ri .,.^ r:,. v<1 ] - ' r;,,,-.] . 

: ^Hcre..l rf(l . is a ] >c 2iG fow vector of all ont-. and f, ilt is 
. the 256 x 250 -identity inaVrix. The thioughput of tju- FD 
systenv is then simply giveii as: { ' 



(12) 



/. In tins sub-section- we 'liaVe sef lip most of the cqua- 
tions,necessary laevarhi^te flie-performaiice of the Adaptive 

r , ARQ/OiyeFsity ^4D)^systeni: 3ii the next sub-section we 

. analysei the systeni. : * : 

3v2 Adaptive ^RQj/'piyersity (AD) 

f( In light of the reduced ^ inaxiinunrachievable throughput due 
to ( .dryejsit>y^ to ]imit fhfi ^ q{ > 

-i^^.*^^- transmission to thV titnes when its use become^ 
necessary. In the AD system the diversity transmission' 
mode is switched on actively. The system is described 
in Figure 1. The system initially uses antenna 1\ When 
a XACKs are received while using antenna T. tho s v <tem 
^vudves lo two'difterent autennas :2* and 3'. and u«e* the 
a dual diversify sv^tein. A It Is ass V mpd>that the channels seen 
by all the antennas are independent of one another 

In our adaptive 1 ARQ/bn^rsi ; ty system the transmitter « 
transitions- from the single, antenna, state to the diversity 1 
estate when.it receives n consecutive. X-ACKs. The proba- 
bility ofnran^tioning 1 from the. single.antenna to the dual- - 
antenna transmission '.system is given by: 



(13) 



Where G a) and \] lt are thesanie as.the matrices G and H 
that were;found for a code rate of l.ff m [1]. The subscri,)t.s 
ofG and T in (13) denotes that antenna *1" is being used ' 
. in the single antenna transmission mode. The matrix G" 
js given to be: ■ — , n 



',Tj.3F;r<.F|5pl 



71-. i /'r-f^'yi i 



and 1 (i ) is: 

^ i " ■ * ■ ■ 

•' f «) = • 'iff r <H? l =) - ? >f(^|S4';...? ^,p r{j r| S ,)]'. 

Where, ... . 

\ { - " • ' 

is the conditional, probability^of the : uncbded n bit long 
frame being m error given that the frame is transmitted 
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..during channel state. Sk'- and* .7* denotes the d steil~traii.sK 
tion probability matrix of the channel as found in [1]. 
' Since, the. transmit! ex uses t he diversity mode until. -y t on-' 
s^cutive ACKs are received. :the probability^ going front' 
the-. diversity -state t,o the single antenna transmission state 
is given byo f - , . ; , ; ^ . { f .■*.-.■* * 



kiicFt he frame error probability for this code given that the 
channel in in'statc'S- is given to lie: 



(21) 



:.{15) 



where. f;, fl . is the'^x-2o(v?oi*.^ect.or of all 6nes.The matrix 
//(•j. a-.- and the vector Z, (1 > 3t lias been derived in sub-section : i 
3.1. < l -> " ■ . 

''From t lie transition probabilities found. in (13), and<(15); » 
t he- st.^dv- state probability of the transmitter staying in , 
the sifff-glsp -antenna Wnode is given by: ^ \ , ' I 



*i = 



Tl.f.2.3, + T 



(2.3). li 



'■(16) 



and, the steady state probability of the transmitter staying *\ 
ih/the diversity mode is given bv: 1 1 '''' 1 



, u 1.(2.3 > 

~*~1.(2.3) + T {: 



(17). 



The . average' number of transmitted bits .per. correctly re- 
ceived bit. given that the system is in the single antenna ■ 
mode is given IVy > : * : " - "' ; C_ - * r ci-'-r- ■ 

Here, /,/.-,. is a 256 x : 256 identity matrix. ■ " - ; , , 

The average ■number of transmitted bTtsxper. correctly re- , ( 
r eived bir. given that the system is in the .3|vWsity. mode, , 
is given by: . ■ 4 J V ^^--J/ 



• J -V,2, 



- 2 (i + ^u, [Kin- -<?< a . 8 >] 1 f (a . 3) ]. -/yM. 



The throughput of the adaptive ARQ/Diversttv svstem 

is: ;I * ; 



T-tD = 4> (1 ,~ h * (2 3) 



A' 



(20), 



We have presented the analytical results for the" through- 
put of the the ' FD and' the AD systems that^have been' 
described in Section i." We present our discussion of the' 
analytical results in Section 4: 5 



4 Discussion of Results 

In Section" 2 the FD and' AD systems were described. Tn'. 
Section -3* the analysis of the throughput of the systems* was' 
presented. In this section we discuss the performance of 
these schemes. , - r 

In this section we also consider the performance of >ARQ ' 
systems where the FEC is chosen to be the l&error. -cor- ■ 
recting £C//(255. 123) code [12). The frame sizeifor this • 
system is set to 255 bits. The rate of this code is 123/255, 



■ ; Here, we assume that the BCH code can correct any pat- 
tern of errors if t he 'number 'of errors received in the frame 
is at' most 19 bits. Also. ^ denotes failure, and U ami St. 
* are the A*th qtiantization levM and kt\\ state as found in [lj. 
We 5 choose the BCH code because we would like to com- 
pare the FD system with a* realistic code of similar rate as 
the FD system." The maximum distance separable (MDS) 
codes of' [1]' and [3]/ aYe tdeal codes and no binary MDS 
codes have been found [11]. ' *' 

J 4.1 " : FD an<a; .4Z)lSyst^ms 

'■ hrthis sub-section we first compare the performance of the 
"'liybripMARQ protocols with" the FD system. For the FD 
systrtn the number of bits per frame is set at 256 bits, with 
a bit -rate of 192 K bits /sec. This gives a frame rate of 750 
~< frames per second. /'For all the analytical results presented 
" here, the carrier is at '900 MHz) Tlie modulation is consid- 
■ : ered'to be BPSK with' idea) coherent demodulation. Since 
1 the FD -system accommodates only half the information 
bits^ the effective information rate for the system is 1/2. 
similar to the rate 1/2 £CH(255. .123) code. Therefore, 
we can Compare the hybrid {BCH ) system to the diversity 
\ system. : '-c. : * 

The performance of the FD' system, for a round-trip de- 
* lay of 2 frames is shown' in Figure 2 for channel Doppler 
fates of 5/6/ O.l'O, and 10. 0 Hz. ''The figure also shows the 
s 'corresponding performance that is obtained by using the 
hybrid BCH{ 123. 255) coded system. We see that at the 
lewer' SXRs the performance of the FD system is superior 
'■' to the/ hybrid BCH system: ' Tlie" jSWfor ma nee of the FD 
L ' SysteW^abdut S dB better than the hybrid ( BCU Jsysiem 
^at a throirghput^.f . 'The perf« .tiitanc e of botlr ?y>ieins 
improAH? as the Dop'jxler rate in<T(Vtse>. Tlie differeiu in 
" performance at 10 Hz Ooppler anti the 3<TX thuHi^hjuM 
level '.is ab6ut A dB. At 0 dB SNH tiu FDsy-tem yield- a 
throughput of l^r/'aj a DUpiJej-rarf. ,»f 5/0 H/. ivlu-reas 
; the hybrid BCH ' sys'teiii yields t hrougliput of o'/ i.nly 
Foi' th'e/ AD systenu the number of bits per frame ir- set 
at 756 bits, with a bit-rate pf 192 Kbits/sec. This ftives 
a frame rate of 750 franies per second. Again the round- 
trip' delay is T frame durations. Throughout this section 
we 'consider that the" diversity system is initiated when the 
transmitter receives 2 NACKs while in the single antenna 
mode. If two consecurive ACKs are. received in the diver- 
sity state the transmitter reverts to tfie single antenna state. 
We compare the AD system with the adaptive ARQ/FEC 
;sS-stem of l [3]3 where' the transmitter adapt i very selects it 
-code state from the Encoded knd Yate 1/2 BCH{2bh, 123) 
;i "coded^states. The adaptive AR0/FEC {BCH) system also 
switches from tlie uiicodefl state to t h e coded state when 
2 : corrsecutive NACKs a¥e receiveci alnd returns to. the un- 
c6ded slate wheh ! 2 consecut ive 'ACKs are received. Since 
; nhe^dua1^dr\*ersity mode-'accbmmO'cizites only half the infor- 
^mjation bits; v th% effective inTdrmation rate for the diversity 
systefri is 1/2,' kihular to'thc'Vate'l/Sf BCH{2hh. 123) code. 
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ft* ' 



.-. -svi.r-tfc- 



-jr.. t > T '.: 



Therefore, we can .compare the.adapt.ive ARQ/FEC {BCH) * ■ 
system t.o the -HD system. . '/■.■«»*, 
In Figure 3. we plot the performance^of the basic mid-; ... 

, <;ojJed* system -.the hybrid BC^ system. U he FD-system. - 
the adaptive' ARQ/FEC {BCH ) system and the u4# L sys- >; 
tern at a Doppler rate of 5/6 Hz. The performance of the 

v; AD system, is -similar to 1 3 iq, adaptive ARQ/FEC (BCH) 
system when the_ average SNR, is above IT dB. Below this 
S.r> T R t he, AD system .perfqr.ms much better than the adaj>- 
tiv( V ARQ/F;E ; C.{BCH) system.. . At 50%; ^throughput- the - 
AP *y*i*' ni gives 4MB better performance, than the adap- - 

/ r i ye A R Q / F E C J BC H ) -s^s t e i i i . 

In Figure 4, , the performance of, the systems are : shown 
for a Doppler. rate of ,01 J^z. . In this case the . difference ^ 
in performance, for the.adaptiye ARQ/FEC (BCH) system 
and the AD system is more marked. The performance of t he 
two systenis are similar above 18 (IB average SNR. The AD. . 

• sy'st em is about 8 (iB superior to the adaptive ARQ/FEC - 
ABC.FJ) system at the 5.0% -throughput level. The.through- 
/ put of. the, systems, at a Doppler. rate of 10 Hz is shown in 

, Figure. 5. The per form a nee difference of the two systenis is 
snialler at^a higher Dpppler rate. 

, yVe have, co m pared t.h e FD„ sy s.t em wi r h the ada p t i ve ' * 

T ARQ/F-EC ^BCH ) system., * Now we take a look at the 

£>er{oxinance that can. be obtained if an (MDS): code were - 
i .available; In Figure (L we plot the performance of the ba- 
sic uncoded, the rate 1/2 hybrid;. {MDS) system, the FD. 
the -adaptive ARQ/FEC {MDSJ ^nd the AD;system for a 
Doppler of 5/G H?, and.25G hits-; per" frame. Tlje frame rate 
is 7-50 frames/sec. The adaptive, ARQ/FEC fil/DS j-.syst era' r 
switches- from the. uncoded state to the coded state when ! 
2 consecutive. N,ACKs are, received and switches back to 
the uncpded.state from the coded ]St ate when 2 consecutive 

, r .ACKs are received, ..Prom Figure see that r t he* perfor- 

mance of the F D_ system is .almost the same as the hybrid r 
\-J'\ J P s ) /, v ^.<?n.V ^ v H e " the average SNR is above 4 dB 
tlie system performs marginally, better than the hybrid 

, {MDS) syste^.- The'adaptiv^^ARQ/FEC {MDS) and the . 
AD systems are (also very similar in performance. The AD 
system is marginally better than the adaptive ARQ/FEC 
(MDS) system when, the SNR is between 3 and. 1-3 dB. , 
Since* he performance of the hybrid (MDS) system is an 
upper-bound oi the performance , that can be obtained with 

. a real ftlock code of similar r ; ate M w,e can conclude that, when 
the fading rate i.sJow..at : ahnost, all SNRs the FD system - 
will most likely out-perform, jthe rate 1/2 block-coded hy- ' 
brid ARQ. system. Also the AD systein . will most likely ., 
out -perform,, the, adaptive AKQ/FEC systems whi<fb,uses - 
the uijcoded a.nd rate, : l/2 block-coded states. . , 



i H\ h\n* P*}? eT ^ ye have P ro Posed the. Fixed Diversity (FD) 
\/a?id'. the\AdaptiYe ARQ/Diversity .{AD) systems. ; . - 
, ^Je.hav^ analysed the performance of the FD and <AD Z <; 
r .'syst'ems,. In the FD system, the; transmitter alwaysV uses ' i ' 
^^"■^■/F^^JiV^^^rsi^:- In the -AD system the transmit- 
, ter^daptiyely switches, between, the single ■ antenna* trans-o"; ! :- 
< > ni f. s ^ on - . ni a M^. S rarvsmi t ter di vet sity anode. We *• ; 

; nave, observed tha^n inflow fading ^channels the performance^ 
- of the adaptive ARQ/FEQ (BCH) system is fiuite inferior n 



,;t.'o t?he AD system. \\"e ha\ : e selected a pood block code for 
- the. adaptive ARQ/FEC -system.' 5 and the AD system per- 

- formaiice has beeif-foiind -to exceed the adaptive ARQ/FEC 

- {BCH) system's -perforinanc'e-JWy a> nait h a> 7 in £ dB. We 
-/ have also noted tJjatM)ie» performance of the AD nvsumij is 

comparable to the performaiu e-of t lie adaptive ARQ/FEC 
(MDS) system. 
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Figure 1: Tin- Adaptive A RQ/Di versit y (AD) Svsien 
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Figure 4: Throughputs for AD and Adaptive AFtQ/FEO {fH'V/1 
(Doppter = 0.01 Hz): 
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Figure 2: Throughputs for FD and Hybrid [BCH) System- 




Figure 5: Throughputs for .4 D and Adaptive ARQ/FEC ( BCH) 
(Doppler = 10.0 Hz). 




Figure 3: Throughputs for AD and Adaptive ARQ/FEC {BCH\ 
(Doppler = 5/6 H2J. 
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Figure 6: Throughputs for AD and Adaptive ARQ/FE0{ M DS\ 
Svstems. 
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